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摘 要 









（Human Umbilical Vein Endothelial Cells , HUVEC）的迁移和增殖，并显著抑制
鸡胚绒毛尿囊膜血管新生，且其抑制作用可以比拟传统的 K5。进一步的动物实
验也发现此多肽具有抑制角膜炎症反应和角膜新生血管生长的作用。为深入研究
K5 及 NYCRNPD 多肽抑制 HUVEC 迁移和生长的作用机制，我们应用 K5 抗体
免疫共沉淀（IP），Trincine-SDS-PAGE 电泳分离、银染的方法，在 HUVEC 中找
到了一个 K5 相互作用蛋白，经质谱鉴定推测其可能为 APIP2 蛋白，WB 证实其



















  II   
Abstract 
Human plasminogen kringle 5 (K5) is found to be the strongest anti-angiogenesis 
plasminogen fragment. It has potential applications in neovascularization diseases 
such as solid tumors, proliferative diabetic retinopathy, corneal neovascularization, etc. 
However, the high costs and traditionally complicated pichia pastoris expression 
system associated with K5 restricted its clinical application. Using bioinformatics 
methods, we synthesized a peptide NH2-NYCRNPD-COOH by screening the 
plasminogen sequence for the conserved amino acid sequences. The anti-angiogenesis 
activity of K5 was evaluated by assessing the proliferation and migration of human 
umbilical vein endothelial cells (HUVEC), the angiogenesis of chick embryo 
chorioallantoic membrane (CAM) and alkali-burned rat corneal respectively. The 
results showed that the peptide NYCRNPD can inhibit HUVEC migration and 
proliferation in vitro, and significantly repress the angiogenesis of CAM. The 
inhibiting activity of this peptide is as strong as traditional K5. It also inhibited 
corneal neovascularization and corneal inflammation alkali-burned rat corneal models. 
Furthermore, an unknown K5 interacting protein was found by immunoprecipitation 
assay and silver-stained TRICINE-SDS-PAGE, which may be APIP2 protein assessed 
by mass spectrometry and it was confirmed in HUVEC by WB. 
These data suggest that the peptide NYCRNPD has significant anti-angiogenesis 
activity. It has lower molecular weight; it is more simple and economic to synesis 
compared with traditional K5 protein. This research provide a solid foundation for the 
development and application of anti-angiogenesis drugs, the peptide NYCRNPD, in 
neovascularization diseases especially in ocular diseases such as proliferative diabetic 
retinopathy and corneal angiogenesis. 
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表 1.1  非成瘤性的异常的血管新生或血管功能障碍 
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皮生成抑素（Endostatin），组织金属蛋白酶抑制物（Tissue Inhibitor of 
Metalloproteinase, TIMP），凝血酶敏感蛋白（Thrombospondin, TSP）和血小板因
子 4（Platelet Factor-4, PF-4）等。主要的血管生成抑制剂及其功能归纳于表 1.2。 
表 1.2 主要的血管生成抑制剂及其功能 
Table1.2 Main anti-angiogenesis factors and its function 
抑制因子 功能 
VEGFR-1;可溶性 VEGFR-1;可溶性 NRP-1 结合 VEGF,VEGF-B,PIGF 
Ang2 Ang1 的拮抗物 
TSP-1,TSP-2 抑制内皮细胞迁移，生长，粘附，寿命 
血管抑素及相关纤溶酶原 Kringle 抑制细胞血管生成 
内皮抑素（胶原ⅩⅩⅩ降解产物） 抑制内皮细胞存活和迁移 
血管内皮抑制素；钙网蛋白 抑制内皮细胞生长 
血小板因子 4 抑制 bFGF 和 VEGF 的结合 
TIMPS;MMP 抑制剂；PEX 抑制病理性血管生成 
Meth-1；Meth-2 含 MMP,TSP 及去整合区域的抑制因子 
IFN-a，IFN-b，IFN-c；IP-10；IL-4;IL-12;IL-18抑制内皮细胞迁移，下调 bFGF 水平 
凝血酶原 Kringle 2，抗凝血酶Ⅹ降解片段 抑制内皮细胞生长 
泌乳素（Mr，16K） 抑制 bFGF/VEGF 
VEGI 调节细胞生长 
SPARC 的降解片段 抑制 VEGF 对内皮细胞的结合和激活 
骨桥蛋白片段 干扰 Integrin 信号通路 
Maspin 蛋白酶抑制剂 
Canstatin，Proliferin 相关蛋白，Restin 机制未知 

























内皮抑素（Endostatin）：内皮抑素是 1997 年 O’Reilly 等人从培养的小鼠内
皮细胞瘤（EOMA）上清中分离纯化得到的一种内源性血管生成抑制剂，分子量




无竞争性抑制作用。此外，在内皮抑素序列中发现由其 N 端第 1、3、11 位 3 个






体的免疫能力、抑制 HIV 的复制，并抑制某些恶性肿瘤的生长；可降低 TNFα
的水平；可导致细胞凋亡、增殖、分化、炎症及肿瘤发生。 
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